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I. INTRODUCTION
T HE BRUSHLESS spindle motors are widely used for DVD applications. The read/write performance for DVD drives is highly dependent on the dynamic characteristics of the spindle motors which have to satisfy the specifications for vibration, runout, running current, cogging torque, running torque, and efficiency, etc. These dynamic performances are very sensitive to the magnetic circuit profiles between the rotor and stator in a spindle motor, because the magnetic flux leakage and interaction force are highly dependent on the magnetic circuit. In this paper, both experiment and analyzes on different values were investigated, where is the gap angle between 2-slots and y is the expanded angle of a slot, and an optimal design for a spindle motor in achieving tight requirements for DVD drives was obtained.
II. EXPERIMENT
The main structure of rotor includes a turntable, shaft, yoke, and magnet, and the basic elements of stator are combined with a stator core, FPCB (Floppy Printed Circuit Board), sleeve bearing, and support plate, as shown in Fig. 1 slot. The magnet made of Nd-Fe-B was magnetized in radial direction with 12-poles. The outer diameter, inner diameter, and thickness of the magnet are 22.4, 20.1, and 6.0 mm, respectively. The summation of and is fixed at 40 degrees. Table I lists the six ratios of and their resistance. The dynamic characteristics including cogging torque, runout, vibration, running current, rise time, and torque constant were measured by using a torque meter to evaluate the performance of the spindle motor.
III. RESULTS AND DISCUSSION
Optical disks need to be stable while the pick-up head reads the data on the disk. In order to meet the specifications of tracking and focusing for pick-up head operation, the dynamic runout should be within 0.03 mm. Runout as functions of rotational speed of spindle motors of six ratios is shown in Fig. 2 . The dynamic runout should be insensitive with the rotational speed, or it is hard to control the tracking and focusing. Clearly, the dynamic runout of the spindle motor designed with all six ratios can be adjusted and all of them satisfy the specification of DVD applications of less than 0.03 mm.
The vibration of the spindle motor increases significantly as rotational speed increases. Fig. 3 shows the vibration as functions of the rotational speed of the spindle motors and ratio. The high vibration value at 3000 rpm is mainly due to a resonance mode. The noise of drives is always caused by the vibration, which should be minimized. The maximum vibration with 21 mG occurs at 6000 rpm. (G : unit of gravity). All of motors are within the vibration specification of less than 50 mG, even at 6000 rpm. The rise time is defined as the time interval needed to accelerate from 1000 to 6000 rpm. Rise time is inversely proportional to the average torque constant Ke, for all six ratios spindle motors as shown in Fig. 4 measured experimentally. Spindle motors can be driven with a small running current at a higher torque constant and achieve a fast access time with a small rise time. In our experiment, the stator core designed with a ratio of 1/2.5 possesses the shortest rise time and the maximum torque constant. A comparison of these two curves show that motor with ratio of 1/2.5 is the most powerful one. The cogging torque of a spindle motor greatly affects the noise and vibration characteristics. It is highly undesirable to start a spindle motor with a big cogging torque which needs a high starting current. A good estimation by finite element analyses (FEA) can be used to analyze the cogging torque of spindle motor. First, we acquired the energy at the different angle of . Then, cogging torque is . Therefore, the cogging torque of each ratio could be obtained. The cogging torque dependence on the ratios of is depicted in Fig. 5 . The FEA results are agreed with the experimental data. The ratio of 1/2.5 has the lowest cogging torque among other ratios. Motors with the ratio of 1/1 and 1/2.5 have lower cogging torque whose average torque constants are 112.88 and 115.71 g-cm/A, respectively. However, motor of x/y ratio of 1/1 has the highest rise time. Therefore, a stator core with the ratio of 1/2.5 is the best design for spindle motor in our experiment. To further analyze the spindle motor with stator core ratio of 1/2.5 running current, torque, power and efficiency as a function of rotational speed is plotted in Fig. 6 . The maximum values of current, torque, power and efficiency are 1.01 Amp, 110 g-cm, 4.48 watt and 51.5%, respectively. Moreover, all the above parameters of the spindle motors up to 6000 rpm are within the design specifications for pick-up operations.
IV. CONCLUSIONS
The spindle motor with the ratio of 1/2.5 was found experimentally and analytically to be the best design in its dynamic characteristics for optical pick-up head operations. The stator core adjusted with the gap angle of 11.43 and slot angle y of 28.57 is an optimal construction. The spindle motor has the highest torque constant and the lowest running time and cogging torque, enable the spindle motor to function effectively at a low running current, fast access time, and low starting current, in addiction to small runout and vibration. The above performances are essential for pick-up head in high-speed tracking and focusing for DVD drive to read data reliably from the disks.
